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Reports 


The Determination of Accuracy and Precision Limits for Tritium in 
Water 


Forrest E. Knowles, Jr. and Edmond J. Baratta' 


This paper describes the procedure for establishing a standard deviation (c) 
value for analysis of tritium in water and discusses the results of a technical 
experiment to test the validity of this value. Since many State, Federal and 
local laboratories are analyzing this radionuclide on a routine basis, a procedure 
of quality control to assist in producing comparable and accurate data is 
necessary. As more nuclear power reactors and nuclear fuel reprocessing plants 
become operative, tritium will be introduced into the environment in greater 
quantities. Therefore, other agencies are preparing for tritium analysis capa- 
bility and will be depending upon this quality control program to assess equip- 
ment and sample preparation capabilities. 

A standard deviation of 10 percent for single determinations for values equal 
or to greater than 5 nanocuries per liter was established by assessing data from 
a tritium cross-check program conducted by the Analytical Quality Control 
Service of the Office of Radiation Programs, Environmental Protection Agency 


(EPA). The technical experiment results confirmed this value. 


Tritium is a radionuclide that is becoming of 
increasing concern to the general population. 
Since the advent of nuclear testing and construc- 
tion and operation of nuclear power plants and 
nuclear fuel reprocessing plants, tritium has been 
introduced into the environment in greater quanti- 
ties. As a result many Federal, State, local and 
private agencies have begun analyses of this 
radionuclide on a routine basis, while others are 
preparing for this capability. Reactor effluents, 
municipal water supplies, and rivers near nuclear 
power reactors and reprocessing plants are among 
the major environmental media for examination. 
A procedure of quality control to assist the labora- 
tories in producing accurate and comparable data 
is necessary. Also this quality control service can 
help assess the equipment and sample preparation 
capabilities of the various laboratories. 

The Analytical Quality Control Service (AQCS) 
has attempted to assist in this endeavor by estab- 
lishing a standard deviation (c) for tritium 


1 Analytical Quality Control Service, Environmental 
Protection Agency, presently located at the Northeastern 
Radiological Health Laboratory of the Public Health 
Service, 109 Holton Street, Winchester, Mass. 01890. 
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analyses and setting up control limits. From these 
criteria, a laboratory can judge its performance in 
various experiments and take appropriate correc- 
tive action if needed. 

This paper describes the procedure for determin- 
ing a standard deviation for tritium and the results 
of a technical experiment for validating c. 


Experimental procedure 


For the past 2 years, the AQCS has been con- 
ducting a tritium cross-check water program with 
the three EPA laboratories and two other agencies 
interested in this analysis. The technical experi- 
ment consisted of triplicate analyses by each of 
the participating laboratories on three water sam- 
ples containing known concentrations (not dis- 
closed to the laboratories) of tritium. 

Water samples (A, B, and C) were prepared by 
adding calibrated solutions of tritium to three 
1-liter portions of distilled water. Cobalt-60 was 
added to sample B as a low energy beta inter- 
ference. The activity of each sample solution is 
shown in table 1. 





Table 1. 


Radioactivity of the sample solutions 


Cobalt-60 
(nCi/liter) 


Tritium* 
(nCi/liter) 


Sample 








® The accuracy of the standards was within + 2 percent. 


The laboratories were sent 50 ml of each sample. 
They were instructed to perform triplicate analyses 
using their routine procedure and to forward these 
results to the AQCS. The AQCS determined the 
average of each laboratory’s analyses and returned 
a listing of these averages to the laboratories. An 
example of this report for a particular month is 
shown in table 2. 


Table 2. 


Tritium analysis—mean values for 
three determinations 


Laboratory Tritium concentration 


(nCi/liter) 


Known 


Range- - 


Discussion 


After a suitable amount of data was accumu- 
lated, a standard deviation value of 10 percent for 
a single determination was experimentally set by 
comparing each laboratory’s values to the actual 
concentration in the sample and studying labora- 
tory precision over an extended period of time 
(14 years). This o applied to all tritium values 
greater than 5 nCi/liter. Using a standard devi- 
ation value of 10 percent for a single determination, 
the control limits were calculated for the mean 
value of replicate tritium determinations as 
follows: 


406 


+WL (Warning Level) 
+CL (Control Limit) 
Co 


Tn = VN ina 


where: 


om = the effective standard deviation for the 
mean. 
the established standard deviation for a 
single determination (10 percent of the 
known), and 
the number of replicate determinations. 


These control limits were then applied to the 
AQCS cross-check program. A typical report is 
shown in table 3. Mean values deviating from the 
known value by an amount less than the warning 
level were considered acceptable. Those between 
warning level and control limit were conditionally 
acceptable. Mean values deviating from the 
known value by an amount greater than the con- 
trol limit were considered unacceptable, and an 
investigation should be made by the laboratories 
involved. 


Table 3. 


Tritium analysis—control limits for 
three determinations 





Laboratory Tritium concentration 


mean value (nCi/liter) 




















In order to test the standard deviation for the 
mean value, a technical experiment was conducted 
in cooperation with 16 participants including the 
EPA laboratories. Results of the experiment were 
compared to known values by the use of control 
charts as shown in figure 1. 
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MEAN CHART 


Sample A- 3H=51.8 nCi/liter, N=3 


Upper Control Limit (UCL) 





Upper Warning Level (UWL) 





Standard Mean (Expected Value) 





Lower Warning Level (LWL) 





Lower Control Limit (LCL) 





RANGE CHART Sample A- 2H=51.8 nCi/liter, N=3 


Upper Control Limit (UCL) 





Upper Warning Level (UWL) 





Mean Range(Expected Range) 





Lower Limit (LL) 














Figure 1. Examples of ‘‘Mean and Range Control Charts’’- 
d., D3, and D, are values taken from standard statistical tables prepared for the construction of 
range control charts and based on the value of N 


The mean values were used for the data analyses 
because the range values did not vary significantly 
between laboratories and were well within the 
warning levels. All laboratory mean values were 
included. The data are presented in figures 2 to 4. 

Analysis of data for precision was accomplished 
by comparing the standard deviation of each 
laboratory’s individual results for each sample 
with the 10 percent standard deviation values 
established by the AQCS as shown in table 4. 
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Table 4. Data analysis of technical 
experiment-precision 


Sample Knowng Laboratory o* 
and (percent) and (percent) 


5.18(10) 
14.6(10) 
33.1 (10) 


Te alee 
| S(xi — x)? 
N-1 
number of laboratories, 
average of sample activity of all analyses, 
individual laboratory results. 











SH (nCi/liten 
3H (nci/liter) 

















= a 
GHit 
LABORATORY 





LABORATORY 


Figure 2. *“‘Mean Chart,”? sample A, 51.8 nCi/liter, Figure 3. ‘‘Mean Chart,”? sample B, 146.4 nCi/liter, 
i= 3 s. 


N =3 





3H (nCi/liter) 


© 











= a oe | 
1K LMNOPQRS 
LABORATORY 


Figure 4. ‘‘Mean Chart,”’ sample C, 331.4 nCi/liter, 
N —_ 
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To determine the accuracy of the tritium pro- 
cedures, the difference between the mean values 
and the known values was compared to the estab- 
lished standard deviation for a single determina- 
tion and for three determinations. The results are 
shown in tables 5 and 6. 


Table 5. Data analysis of technical experiment 





| 
Average of means 
(nCi/liter) 


Sample Amount present 


(nCi/liter) 





Table 6. Data analysis of technical 
experiment—accuracy 





| 


Difference Percent® 
(nCi/liter) 


(nCi/liter) | 


Sample 











difference 
average amount present 
> o = standard deviation for tritium, single determination (10 percent) 


a Percent = 


— —_ ‘ ‘ g 
© Om = standard deviation for tritium, three determinations( ) 


VN 
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Conclusions 


The calculated « for the three samples is 
larger than the one established for tritium in the 
precision analysis (table 4) because a few partici- 
pants had values differing from the known greatly 
in excess of the control limits. The data were 
recalculated excluding three laboratories, and the 
value came close to 10 percent. (A = 10.5, B = 
11.2, C = 11.4). The relative c does not seem to be 
dependent upon sample activity. 

The analysis of accuracy (table 6) shows that 
the percent difference between the average 
amount present and average amount found is 
comparable to the established standard deviation. 
In some cases, these values are much better than 
expected. 

From the data shown in the tables and figures, 
it appears that the established 10 percent standard 
deviation is valid. Values lower than 50 nCi/liter 
(25-30 nCi/liter) have been used in the cross- 
check program with similar results. Levels nearer 
1-5 nCi/liter will be investigated in future studies, 
as some laboratories in the program routinely 
count samples at these lower levels. Due to the 
greater influence of background at 5 nCi/liter or 
less, the 10 percent standard deviation will have 
to be revised upward. 








SECTION I. MILK AND FOOD 


Milk Surveillance, April 1971 


Although milk is only one of the sources of di- 
etary intake of environmental radioactivity, it is 
the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the bio- 
logically important radionuclides that may be re- 
leased to the environment from nuclear activities. 
In addition, milk is produced and consumed on a 
regular basis, is convenient to handle and analyze, 
and samples representative of general population 
consumption can be readily obtained. Therefore, 
milk sampling networks have been found to be an 
effective mechanism for obtaining information on 
current radionuclide concentrations and long-term 
trends. From such information, public health 
agencies can determine the need for further in- 
vestigation or corrective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office of 
Food Sanitation, Food and Drug Administration, 
U.S. Public Health Service, consists of 63 sampling 
stations: 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone. Many of 
the State health departments also conduct local 
milk surveillance programs which provide more 
comprehensive coverage within the individual 
State. Data from 15 of these State networks are 
reported routinely in Radiological Health Data and 
Reports. Additional networks for the routine sur- 
veillance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 sampling 
stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the net- 
works presently reporting in Radiological Health 
Data and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activities, 
the present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that are 
formed as a result of nuclear fission become in- 
corporated in milk (1). Most of the possible radio- 
contaminants are eliminated by the selective 
metabolism of the cow, which restricts gastro- 
intestinal uptake and secretion into the milk. The 
five fission-product radionuclides which commonly 
occur in milk are strontium-89, strontium-90, 
iodine-131, cesium-137, and barium-140. A sixth 
radionuclide, potassium-40, occurs naturally in 
0.0118 percent (2) abundance of the element 
potassium, resulting in a specific activity for 
potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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calcium and potassium, have been used as a means 
for assessing the biological behavior of metabolic- 
ally similar radionuclides (radiostrontium and 
radiocesium, respectively). The contents of both 
calcium and potassium in milk have been meas- 
ured extensively and are relatively constant. Ap- 
propriate values and their variations, expressed in 
terms of 2 standard deviations (2c), for these ele- 
ments are 1.16 + 0.08 g/liter for calcium and 1.51 
+ 0.21 g/liter for potassium. These figures are 
averages of data from the PMN for May 1963- 
March 1966 (3) and were determined for use in 
general radiological health calculations or discus- 
sions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the ac- 
curacy with which each laboratory is making its 
determinations and the agreement of the measure- 
ments among the laboratories. The Analytical 
Quality Control Service of the Office of Radia- 
tion Programs conducts periodic studies to assess 
the accuracy of determinations of radionuclides 
in milk performed by interested radiochemical 
laboratories. The generalized procedure for making 
such a study has been outlined previously (4). 


Table 1. 





Isotope and known 
concentration 


Acceptable* 


Strontium 89: High- - - - 
(258 pCi/liter) 
Low__- : 
(15 pCi Miter) 
Strontium-90: Intermediate _ _ - 
(79.4 pCi/ liter) 
Low__- ‘ 
($2.0 pCi lite +r) 
High _ -_ _- ; 
(507 pCi, lite r) 
Low. 5 (64%) 
(49 pCi/liter) | 
Cesium-137: High = 
(259 pCi/liter) | 
Low a 
(53 wn lite r) 
Barium-140: Hig ‘ 
(302 2 ‘pC i/liter) 
Low__- 


Iodine-131: 





(74%) 
(66% ) 
8 (67%) 


‘i (92%) 
(33 pCi/ liter) 


Warning level? | 








The most recent study was conducted during 
May-July 1970, with 28 laboratories participat- 
ing in an experiment on milk samples containing 
known concentrations of strontium-89, strontium- 
90, iodine-131, cesium-137, and barium-140 
Of the 18 laboratories producing data for the net- 
works reporting in Radiological Health Data and 
Reports, 13 participated in the experiment. 

The accuracy results of this experiment are 
shown in table 1. In general, considerable improve- 
ment is needed, especially in the accuracy meas- 
urements. These possible differences should be 
kept in mind when considering the integration of 
data from the various networks. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance net- 
works that report regularly were surveyed for in- 
formation on analytical methods, sampling and 
analysis frequencies, and estimated analytical er- 
rors associated with the data. 

In general, radiostrontium is collected by an ion- 
exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, io- 


Distribution of mean results, quality control experiment 


Number of laboratories in each category 


Total 


1 (6%) | 8 (50%) | 16 
| 
(19%) | (12%) 


(17%) (26%) | 


Unacceptablee 


ea 
0) | 


(19% ) 


(7%) 


| 
L 


®s Measured concentration equal to or within 20 of the known concentration. 
b Measured concentration outside 2¢ and equal to or within 3¢ of the known concentration. 
© Measured concentration outside 30 of the known concentration. 
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dine-131, cesium-137, and barium-140) are de- 
termined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 
and refinements of these basic methodologies. The 
methods used by each of the networks have been 
referenced in earlier reports appearing in Radio- 
logical Health Data and Reports 

A previous article (6) summarized the criteria 
used by the State networks in setting up their milk 
sampling activities and their sample collection 
procedures as determined during a 1965 survey. 
This reference and an earlier data article for the 
particular network of interest may be consulted 
should events require a more definitive analysis of 
milk production and milk consumption coverage 
afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more fre- 
quently but composite the several samples for one 
analysis, while others carry out their analyses 
more often than once a month. Many networks are 
analyzing composite samples on a quarterly basis 
for certain nuclides. The frequency of collection 
and analysis varies not only among the networks 
but also at different stations within some of the 
networks. In addition, the frequency of collection 
and analysis is a function of current environ- 
mental levels. The number of samples analyzed at 
a particular sampling station under current condi- 
tions is reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rela- 
tively stable over short periods of time, and sam- 
pling frequency is not critical. For the short-lived 
radionuclides, particularly iodine-131, the fre- 
quency of analysis is critical and is generally in- 
creased at the first measurement or recognition of 
a new influx of this radionuclide. 

The data in table 2 show whether raw or pas- 
teurized milk was collected. An analysis (7) of raw 
and pasteurized milk samples collected during 
January 1964 to June 1966 indicated that for rela- 
tively similar milkshed or samplirg areas, the dif- 
ferences in concentration of radionuclides in raw 
and pasteurized milk are not statistically sig- 
nificant (7). Particular attention was paid to 
strontium-90 and cesium-137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 2- 
standard deviation counting errors or 2-standard 
deviation total analytical errors from replicate 
analyses (3). The practical reporting level reflects 
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analytical factors other than statistical radio- 
activity counting variations and will be used as a 
practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose prac- 
tical reporting levels were given as equal to or less 
than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the hand- 
ling of individual sample determinations. The 
treatment of measurements equal to or below 
these practical reporting levels for calculation 
purposes, particularly in calculating monthly 
averages, is discussed in the data presentation. 

Analytical error or precision expressed as pCi/ 
liter or percent in a given concentration range 
have also been reported by the networks (3). The 
precision errors reported for each of the radio- 
nuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/liter; 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter; 

4-10 pCi/liter for levels <100 
pCi/liter; 

4-10% for levels >100 pCi/ 
liter. 


Radionuclide 
Strontium-89 





Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level for 
the Colorado milk network. 
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Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environment conditions was presented in 
the December 1970 issue of Radiological Health 
Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the in- 
ternational, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health Data 
and Reports. The relationship between the PMN 
stations and the State stations is shown in figure 2. 
The first column under each of the reported radio- 
nuclides gives the monthly average for the station 
and the number of samples analyzed in that month 
in parentheses. When an individual sampling result 


is equal to or below the practical reporting level 
for the radionuclide, a value of zero is used for 
averaging. Monthly averages are calculated using 
the above convention. Averages which are equal 
to or less than the practical reporting levels re- 
flect the presence of radioactivity in some of the 
individual samples greater than the practical re- 
porting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average for 
the station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radioac- 
tivity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 


Discussion of current data 
In table 2, surveillance results are given for 


strontium-90, iodine-131, and cesium-137 for April 
1971 and the 12-month period, May 1970 to 
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Figure 2. State and PMN milk sampling locations in the United States 
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Table 2. Concentrations of radionuclides in milk oe April 1971 and 12-month period, May 1970 through 
April 1971 





Radionuclide concentration 
(pCi/liter) 





Sampling location Type of : : ; ; 
samples Strontium-90 } Iodine-131 | Cesium-137 





Monthly | 12-month 


average | average 


Monthly 12-month ) Monthly | 12-month 
average> average | averageb | average 


UNITED STATES: 





7 2) 


Montgomery*- ---- 


wo 





Phoenix¢_ _ _- 
Little Rocke -_- 
Sacramento’ -- 


BORO 


to 
2awo 
cocoooooooo 


"7 
— 


UIWwotwwat 
j—) 


Sacramento___- 
San Diego_-__-- 
Pemte CIAPE. once ccccn 


So 


Sonoma 
Denvere 


CIWWNHNHWRNHPNNNK Wr OI 
ooocooocoeooooooeco 
wcooooocororooooonw 


ococooo 


South Central__.....____- 
Southwest : 
Northwest 
Conn: Hartford¢ 
Central___. 
Wilmingtone. -- 


= 
NOOCUsonw 


Tampa Bay area 
Southeast 
Atlantat___-_- 
Honolulue- -__--- 
Idaho Fallse_____- 


~ 
KCOONUINNNAD 


Indianapolis¢ 
Northeast 
Southeast 








Southwest 
Northwest 
Iowa: Des Moines? _- 
lowa City.......- 
Des Moines___- 
Spencer _- 
Fredericksburg_ 
Wichitae...._.- 
Coffeyville___- 
Dodge City__- 
Falls 
Hays 


CO G6 
- 


OK NOK OCRRUNwocree 


wZeu 
ROW ON 





Detroit*_ 
Grand Rapids¢ 
Bay City 
Charlevoix 


Grand Rapids-_-_- 
Lansing _- _- 
Marquette___ 
Monroe _ ane 
South Haven 
Minn: Minneapolis¢® 
Bemidji-_. - - 
Mankato- _- 
Rochester 
Duluth_ 








_ 


ONIN NTO 


_ 
- 





See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for April 1971 and 12-month period, May 1970 through 
April 1971—Continued 





Radionuclide concentration 
(pCi/liter) 


Sampling location Type of 
samples Strontium-90 lodine-131 Cesium-137 
I | 


Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average> average average> average 


UNITED STATES—Continued 


Minn: Fergus Falls_ _- 


— 


a NIN 


Kansas City* 
St. Louis 


Omaha 


~ 
SHDOONOBDUSZ 
mh en ene 


New York City*__- 


Syracuse¢ 


PAID 
DIS WW 


eae 
New York City -_- 
Syracuse 

N.C: Charlottes 

N. Dak: Minot¢ 

Ohio: Cincinnati¢ 
Cleveland*___._..- 

Okla: Oklahoma Citye 

Oreg: Portlande 


- 
~—PODOS 


NNwDOoO 
_ 


Wwe OIrDwo@d 


Portland composite 
Portland loca 
Redmond 
Tillamook 
Philadelphia‘ 
Pittsburghe 


ZALAZZAZZ 
TRORORN SE PPPS rr raAD 


—_— 


Charlestone 
Rapid City*_ -__- 
Chattanooga‘ -_- 
Memphis¢ 
Chattanooga__-- 


Zz 


Be ho ll ll ate ben 1d 


Fayetteville 
Knoxville 
Nashville__-___- 


bat fet fe 
NON = me CIN OC 


Corpus Christi- - -- 
E] Paso_. 

Fort Worth 
Harlingen 
Houston 

Lubbock 

Midland 


Pho me COCO NINO 


ay A 


COON Ce CIOIO Oe Wto 


Wichita Falls___-_-_- 
Salt Lake Citys 
Burlingtone 
Norfolke 
Seattle 
Spokanee 
Benton County 
Franklin County - - -- 
Sandpoint, Idaho__-- -- 
Skagit County 
Charleston¢ 

Wisc: Milwaukee¢ 

Wyo: Laramie¢ 


CANADA: 


_ 
to 


~ 
MON NW Wm ew 


Alberta: Calgary - - 
See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for April 1971 and 12-month period, May 1970 through 


April 1971—Continued 





Radionuclide concentration 
(pCi/liter) 





Sampling location Type of | | 


sample® Strontium-90 Iodine-131 Cesium-137 





12-month 
average 


Monthly 
| average> 


12-month 
average 


12-month 
average 


Monthly 


I Monthly 
average 


average> 





CANADA—Continued 


Edmonton 
British Columbia: 
Vancouver. -- 
Manitoba: Winnipeg 
New Brunswick: | 
a edt ato Sete Get wnat 
Newfoundland: | 
EE Tee 
Nova Scotia: Halifax 
Ontario: 
Sault Ste. Marie 
Thunder Bay 
. as 
0) bawndsiemaon 
ee are 


Ontario: 


Quebec: 


Saskatchewan: 
Regina------- 
Saskatoon 





CENTRAL AND SOUTH AMERICA: 
Colombia: Bogota_- etheb eedniebe 
“hile: Santiago_ SPE EMER 
Ecuador: Guayaquil 

Jamaica: Kingston 
Venezuela: Caracas - 
Canal Zone: Cristobale- - - 
Puerto Rico: San Juane- 








ZZ 
co} ovonoce 
ocoooceo 














P MN network average! “eee 


o 





« P, pasteurized milk. 
R, raw milk. 

» When an individual sampling result was equal to or less than the practical reporting level, a value of ‘0’ was used for averaging. Monthly averages less 
than the practical reporting level reflect the fact that some but not all of the individual sample s making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses, 

¢ Pasteurized Milk Network station. All othe -r sampling loc ations are part of the State or National network. 

4 Radionuclide analysis not routinely performed. 

e The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 
than the following practical re porting levels: 

Iodine-131: Colorado—25 pCi /liter 
Michigan 14 pCi/liter 
Oregon—15 pCi/liter 


Cesium-137: ang snl 25 pCi/liter 
New York— 20 pCi/liter 
Oregon—15 pCi/liter 


Strontium-90: New York—3 pCi/liter 


f This entry gives the average radionuclides concentrations for the Pasteurized Milk Network stations denoted by footnote ¢. 


NA, no analysis. 
NS, no sample collected. 


April 1971. Except where noted, the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
been omitted from table 2 since levels at the great 
majority of the stations for April 1971 were below 
the respective practical reporting levels. The fol- 
lowing station averages reflect samples in which 
strontium-89 was detected: Calif., San Francisco, 
13 pCi/liter, Del Norte, 26 pCi/liter, Humboldt, 
7 pCi/liter, Mendocino, 48 pCi/liter, Sonoma, 
20 pCi/liter; Kans., Coffeyville, 11 pCi/liter, 
Dodge City, 9 pCi/liter, Kansas City, 6 pCi/liter, 
Topeka, 9 pCi/liter. Barium-140 was detected at 
Coffeyville, and Kansas City, Kans., 11 pCi/liter, 
respectively. 
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Iodine-131 results are included in the table, even 
though they were generally below practical re- 
porting levels. Because of the lower guide levels 
established by the Federal Radiation Council, 
levels in milk for this radionuclide are of particular 
public health interest. In general, the practical re- 
porting level for iodine-131 is numerically equal 
to the upper value of Range I (10 pCi/liter) of the 
FRC radiation protection guide. 

Strontium-90 monthly averages ranged from 0 
to 24 pCi/liter in the United States for April 1971, 
and the highest 12-month average was 17 pCi/ 
liter (Del Norte, Calif.) representing 8.5 percent of 
the Federal Radiation Council radiation protec- 
tion guide. Cesium-137 monthly averages ranged 
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from 0 to 45 pCi/liter in the United States for the 
month of April 1971, and the highest 12-month 
average was 79 pCi/liter (Southeast Florida), 
representing 2.2 percent of the value derived from 
the recommendations given in the Federal Radia- 
tion Council report. Of particular interest are the 
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consistently higher cesium-137 levels that have 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates, along with the guidance developed by 
the Federal Radiation Council, provide a basis for 
evaluating the significance of radioactivity in foods 
and diet. 


Program 
California Diet Study 
Carbon-14 in Total Diet and 
Milk 
Connecticut Standard Diet 
Institutional Diet Samples 


Period reported 
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Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs reported in Radiological Health Data and 
Reports are as follows: 


Issue 





January—June 1970 


July-December 1970 
July-December 1969 
October-December 1970 and Annual 


November 1970 


May 1971 
December 1970 
May 1971 


Summary 1970 


Strontium-90 in Tri-City Diets 


January—December 1969 


June 1970 
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SECTION II. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated water. 
Most of these programs include determinations of 
gross beta and gross alpha radioactivity and specific 
radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply containing radium-226 
and strontium-90 at 3 pCi/liter and 10 pCi/liter, 
respectively. Higher concentrations may be ac- 
ceptable if the total intake of radioactivity from 


Water sampling program 





California 

Interstate Carrier Drinking Water 
Kansas 

Minnesota 

North Carolina 

New York 

Radiostrontium in Tap Water, HASL 
Tritium in Community Water Supplies 
Tritium Surveillance System 
Washington 
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July-December 1968 
1970 
January—December 1969 
July-December 1969 
January—December 1967 
January-June 1969 
January—December 1969 
1969 

January-March 1971 
July 1968-June 1969 


all sources remains within the guides recom- 
mended by FRC for control action. In the known 
absence! of strontium-90 and alpha-particle emit- 
ters, the limit is 1,000 pCi/liter gross beta radio- 
activity, except when additional analysis indicates 
that concentrations of radionuclides are not likely 
to cause exposures greater than the limits indicated 
by the Radiation Protection Guides. Surveillance 
data from a number of Federal and State pro- 
grams are published periodically to show current 
and long-range trends. Water sampling activities 
reported in Radiological Health Data and Reports 
are listed below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and strontium-90, re- 
spectively. 


Issue 
August 1970 
July 1971 
September 1970 
May 1971 
May 1969 
June 1970 
July 1970 
December 1970 
July 1971 
February 1971 


Period reported 
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Standards, Report No. 1. Superintendent of Documents, 
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20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
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20402 (September 1961). 
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SECTION III. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest in- 
dications of changes in environmental fission 
product radioactivity. To date, this surveillance 
has been confined chiefly to gross beta-radio- 
analysis. Although such data are insufficient to 
assess total human radiation exposure from fall- 
out, they can be used to determine when to modify 
monitoring in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodic- 


Network 
Fallout in the United States and 
other Areas, HASL 
Plutonium in Airborne Particulates 
and Precipitation 
Surface Air Sampling Program, 80th 
Meridian Network, HASL 


July-December 1970 


January—December 1968 


ally to show current and long-range trends of at- 
mospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of the 
Environmental Protection Agency, the Canadian 
Department of National Health and Welfare, the 
Mexican Commission of Nuclear Energy, and the 
Pan American Health Organization. 

In addition to those programs presented in this 
issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Period Issue 


J uly-December 1968 and 
January—December 1969 


January 1971 
June 1971 


April 1971 
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1. Radiation Alert Network 
April 1971 


Office of Air Programs 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 70 locations distributed throughout the country 
(figure 1). Most of these stations are operated by 
State Health Department personnel. 

The station operators perform “‘field estimates” 
on the airborne particulate samples at 5 hours after 
collection, when most of the radon daughter have 
decayed, and at 29 hours after collection, when most 
of the thoron daughter products have decayed. 


They also perform field estimates on dried preci- 
pitation samples and report all results to appro- 
priate Environmenta] Protection Agency officials 
by mail or telephone depending on levels found. A 
complication of the daily field estimates is avail- 
able upon request from the Data Aquisition and 
Analysis Branch, Division of Air Quality and 
Emission Data, EPA, Cincinnati, Ohio. A detailed 
description of the sampling and analytical proce- 
dures was presented in the March 1968 issue of 
Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during April 1971. All 
field estimates reported were within normal limits 
for the reporting station. 
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Radiation Alert Network sampling stations 


August 1971 





Table 1. Gross beta radioactivity in surface air and precipitation, April 1971 








Precipitation 





Gross beta radioactivity ; us i ; ae 
Number (5-hour field estimate) Number Field estimation of deposition 
Station location of (pCi/m*) of Total 
samples samples depth u 
(mm) Number 


| of deposition 
Maximum | Minimum | Average* samples (nCi/m?) 





Ala: ondpenety. — 75 
Alaska: Adak j 
Ane hors age 
Attu Island_- 
Fairbanks - - - 
Juneau_-_- 
Nome__- 


Point Barrow 


onooor 


S 


Phoenix- 
Little Rock 
Berkeley 


Hartford _ - 
Dover. 
Washington_ 
Jacksonville_ 
Miami 





RNNWN Re UOke NO 
ee HON OK OF Ww 
KH UICOoOnacowoo oo 


oerocoorooore 


Atlanta- ---- 
ain: Agana. --- 
Hawaii: Honolulu_- 
Idaho: Boise _ - 

Ill: Springfield _ 

Ind: Indians upolis_ 
Iowa: Iowa City- 

Kans: Topeka- 

Ky: Frankfort ___ 
La: New Orleans__-- 


to 
= 








NNReeKNO 


Maine: Augusta 

Md: Baltimore __ 

Mass: Lawrence ____ 
Winchester _ 

Mich: Lansing ‘ 

Minn: Minneapolis _ - 

Miss: Jackson 
Jefferson City- 
Helena_-_-- 
Lincoln_ _ - 


— DNR ee 


_ 
He PUEIUIOALDA KWODONWOOCKWHOOS 


CWRNWeE eet 
Pee ee OKO 
oof PNNOKOCO 


_ 








Las Vegas 
Concord___- 
Trenton__- 
Santa Fe_-- 
Albany- 


to 


New York C ity - 
Gastonia _ 
Bismarck_. 
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Ohio: Cincinnati__- 
Columbus - 
Painesville_ 

Okla: Oklahoma City 
Ponca City- 

Oreg: Portland _ - - _- 

>a: Harrisburg.- - - - 
San Juan__- 
Providence _ _ 
Columbia_ - - 
Pierre___ 

Tena: Nashville 


Tex: 


Utah: Salt Lake — 
Vt: Barre : 
Va: Richmond 
Wash: Seattle_ 

Spoks ane 





~] 





W. Va: 
Wise: iedicen — 
Wyo: Cheyenne_ -- 








»Wouhot 











OBUSCWNOMBOO ASOKOCOHKAONSOOS 


Nene or 








_ 
x 
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Network si summary.- - -- | , | . | 








® The monthly average is calculated by weighting the field estimates of individual] air s: amples with length of sampling period. 
» This station is part of the plutonium in precipitation network. No gross beta measurements are done. 
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2. Canadian Air and Precipitation 


Monitoring Program,' April 1971 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation in 
connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Department 
of Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpreta- 
tion of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Reports. 

Surface air and precipitation data for April 1971 
are presented in table 2. 


1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Table 2. 


Canadian gross beta radioactivity in surface 


air and precipitation, April 1971 





Station 


Air surveillance gross 
beta radioactivity 


| —— 
| Number} 


| Oo 


samples 
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Calgary 
Coral Harbour 
Edmonton 


Fredericton 
Goose Bay 


Inuvik 


Montreal____.._--_| 


Moosonee 
Quebec 


Regina 
Resolute _ - - 


St. John’s, Nfld ___- 
Saskatoon-__------- 


Sault Ste. Marie____ 
Thunder Bay- --- 


Toronto 


Whitehorse 


Ulla a 


Winnipeg 
Yellowknife 
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NS, no sample. 
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Figure 2. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 
April 1971 


Pan American Health Organization and 
Environmental Protection Agency 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of the 
collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
Environmental Protection Agency (EPA) to as- 
sist PAHO-member countries in developing radio- 
logical health programs. 

The air sampiing station locations are shown 
in figure 3. Analytical techniques were described 
in the March 1968 issue of Radiological Health 
Data and Reports. The April 1971 air monitoring 
results from the participating countries are given 
in table 3. 
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Figure 3. Pan American Air Sampling Program stations 
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Table 3. Summary of gross beta radioactivity in Pan 


American surface air, April 1971 





, Gross beta radioactivity 
Number (pCi/m!) 
Station location of 





samples 


Maximum | Minimum | Average* 





Argentina: Buenos Aires-- 

Bolivia: 

Chile: 

Colombia: 

Ecuador: 

Guayaquil - - -- 
uito 

Georgetown. - - 


Guyana: e 
Kingston 


Jamaica: 
Peru: 
Venezuela: 
West Indies: Trinidad__-_--_ 

















Pan American summary---- 





_* The monthly average is calculated by weighting the individual samples 
with —- of sampling period. Values less than 0.005 pCi/m!? are reported 
and used in averaging as 0.00 pCi/m’. 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 


here are such data as those obtained from human 
bone sampling, Alaskan surveillance, and en- 
vironmental monitoring around nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 


set forth by AEC’s Division of Operational Safety 
in directives published in the ‘AEC Manual.””! 

Summaries of the environmental radioactivity 
data follow for the Oak Ridge Area and Savannah 
River Plant. 


1 Title 10, Code to Federal Regulations, Part 20, “‘Stand- 
ards for Protection Against Radiation’’ contains essentially 
the standards published in Chapter 0524 of the AEC Manual. 





1. Oak Ridge Area’ 
July-December 1969 


Union Carbide Nuclear Company 
Oak Ridge, Tenn. 


Oak Ridge area is a complex made up primarily 
of the Y-12 Plant, the Oak Ridge National 
Laboratory (ORNL), and the Oak Ridge Gaseous 
Diffusion Plant (ORGDP). 

Radioactive waste materials arising from the 
operation of atomic energy installations in the 
Oak Ridge area are collected, treated, and dis- 
posed of according to their physical states. Solid 
wastes are buried in a Conasauga shale formation 
which has a marked ability to fix radioactive ma- 
terials by an ion exchange mechanism. Liquid 
wastes which contain long-lived fission products 
are confined in storage tanks or are concentrated 
by evaporation and disposed of in deep wells. 
Low-level liquid wastes are discharged, after pre- 
liminary treatment, to the surface streams. Air 


2 Summarized from Environmental Levels of Radioactivity 
for the Oak Ridge area, (Report Period July-December 
1969). Health Physics and Safety Section, Health Physics 
Division, Oak Ridge National Laboratory. 
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that may become contaminated by radioactive ma- 
terials is exhausted to the atmosphere from several 
tall stacks after treatment by means of filters, 
scrubbers, and/or precipitators. 


Air monitoring 


Atmospheric contamination by radioactive ma- 
terials occurring in the general environment of 
East Tennessee is monitored by two systems of 
monitoring stations. One system consists of nine 
stations which encircle the plant areas (figure 1) 
and provide data for evaluating the impact of all 
Oak Ridge operations on the immediate environ- 
ment. A second system consists of eight stations 
encircling the Oak Ridge area at distances of 
from 12 to 75 miles (figure 2). This system pro- 
vides data to aid in evaluating local conditions 
and to assist in determining the spread or dis- 
persal of contamination should a major incident 
occur. 

Sampling for radioactive particulates is carried 
out by passing air continuously through a filter 
paper. Average radioactivity concentrations are 
presented in tables 1 and 2. Airborne radioactive 
iodine is monitored in the immediate environment 
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OAK RIDGE 
AREA 











Figure 1. 


of the plant areas by passing air through a cart- 
ridge containing activated charcoal. 

During the July-December 1969 surveillance 
period, 233 samples were collected from perimeter 
monitoring stations and analyzed for iodine-131. 
Of these, the maximum concentration detected 
was 0.15 pCi/m’, the minimum was less than 
0.01 pCi/m’, and the average was 0.01 pCi/m*. 
The radiation protection standard specified in the 
AEC Manual for iodine-131 in the ambient at- 
mosphere in uncontrolled areas is 100 pCi/m*. 


Table 1. 


Oak Ridge area, environmental sampling locations 


Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located within 
a radius of 50 miles of ORNL. Samples are col- 
lected weekly at each of eight stations located on 
the fringe of the Oak Ridge area. Four stations, 
located more remotely with respect to the Oak 
Ridge operations, are sampled at a rate of one 
station each week. The purpose of the milk 


Long-lived gross beta radioactivity of particulates in air, Oak Ridge Area, July-December 1969 





Perimeter stations 


Remote stations 





Concentration 
Number (pCi/m*) 
number of 


(figure 1) 


Station Percent 
of AEC 
standard® 


; Concentration 
Station Number (pCi/m!) Percent 
number of of AEC 


(figure 2) | samples | Maximum Minimum | Average standard*® 
| 




















| 

















* The applicable AEC Radiation Protection Standard is 100 pCi/m?. 
b Sample frequency—5 days per week. 
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Table 2. 


Long-lived gross alpha radioactivity of particulates in air, Oak Ridge Area, July-December 





Perimeter stations 








: Concentration 
Station (pCi/m*) 
number 
(figure 1) 


| Number 
| 
| 


° 
| samples | Maximum | Minimum | Average 
HP-31 

i, = 

HP-33 

HP-34 

HP-35 

HP-36 

HP-37 

HP-38 

a 











Summary 





Remote stations 


; Concentration 
Station | Number (pCi/m!?) 
number | of 


(figure 2) samples 


Percent 

: ae of AEC 

Maximum | Minimum | Average standard®* 
| 


0.003 < 
.005 | < 
.004 < 

-004 < 

< 
< 
< 
< 


0.001 
.001 | 
.001 
.001 
.001 
.001 | 
.001 
.001 


0.001 
.002 
.001 
.001 
-001 
-001 
.001 
.002 


.003 
.004 
-004 | 
-006 


Summary -. 0.006 | <0.001 0.001 





® The applicable AEC Radiation Protection Standard for natural uranium in air is 2 pCi/m!. 


> Sample frequency—5 days per week. 
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Figure 2. Remote air monitoring stations, Oak Ridge area 


sampling program is twofold: first, samples col- 
lected in the immediate vicinity of the Oak Ridge 
area provide data by which one may evaluate pos- 
sible exposure to the neighboring population re- 
sulting from waste releases from Oak Ridge opera- 
tions; second, samples collected at the more re- 


August 1971 


mote stations provide background data which are 
essential in establishing the proper index for the 
evaluation of data obtained from local samples. 
The concentrations of iodine-131 and strontium- 
90 detected in raw milk samples during the period 
are given in table 3. 





Table 3. Radionuclides in raw milk, Oak Ridge area 


wenelianias ember 1969 





Concentration 
(pCi/liter) 


Radionuclide and 
location 


Maximum Minimum*® Average 


Iodine-131 
Immediate environs - - 
Remote environs_-_ 


Strontium-90 
Immediate environs - - 
Remote environs--- - - 





® The minimum detectable conce ontrations of iodine-131 and strontium-90 
in milk are 10 pCi/liter and 2 pCi/liter, respectively. In averaging, one- 
half of the minimum detectable concentration was used for all samples 
showing an activity less than this concentration. 


Water monitoring 


Large volume, low-level liquid wastes originat- 
ing at ORNL are discharged, after some prelimi- 
nary treatment, into the Tennessee River system 
by way of White Oak Creek and the Clinch River. 
Liquid wastes originating at the ORGDP and 
Y-12 Plant are discharged to Poplar Creek and 
thence to the Clinch River. Releases are controlled 
so that resulting average concentrations in the 
Clinch River comply with AEC radiation protec- 
tion standards. The radioactivity concentration 
from White Oak Creek is measured, and concen- 
tration values for the Clinch River are calculated 
on the basis of the dilution provided by the river. 

Water samples are taken at a number of loca- 
tions in the Clinch River, beginning at a point 
above the entry of wastes into the river and end- 
ing at Center’s Ferry near Kingston, Tenn. 
Stream gauging operations are carried on con- 
tinuously to obtain dilution factors for calculating 
the probable concentrations of wastes in the river. 
Samples are analyzed for the long-lived beta- 
particle emitters, uranium, and the transuranic 
alpha-particle emitters. 

Analyses are made of the effluent for the long- 
lived radionuclides only, since cooling time and 
hold-up time in the waste effluent system are such 
that short-lived radionuclides are normally not 


present. The average concentrations of major 


radionuclides in the Clinch River are given in 
table 4 for the period from July-December 1969. 

Two quarterly composite water samples from 
the Clinch River were analyzed for uranium dur- 
ing this period. For these samples, the uranium 
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concentrations were less than 1 pCi/liter, the 
level of detectability. The AEC radiation protec- 
tion standard for natural uranium in water re- 
leased to unrestricted areas is 20 nCi/liter. 

Table 4. 


Concentrations of major radionuclides in the 
Clinch River, July-December 1969 





Average concentration 
(pCi/liter) 





Radionuclide | 


Location on Clinch River* 





Mile: 23.1 


Mile: 20.8> 
(Upstream) 


(Outfall) 


Mile: 4.5 
(Downstream) 





Strontium-90 

Cerium-144 

Cesium-137 

Ruthenium-103-106_ - - - 

Cobalt-60 ‘i 
Zirconium-niobium-95 - - <<. 
ss a . N 1,7 





® The location on Clinch River is given in terms of the distance upstream 
from the Tennessee River (figure 1). 

> The concentrations at Mile: 20.8 are not measured directly but the 
values are calculated based on the levels of waste released from White Oak 
Dam and the dilution provided by the Clinch River. 

NA, no analysis. 


Gamma measurements 


External gamma radiation levels are measured 
monthly at a number of locations in the Oak Ridge 
area. Measurements are taken with a Geiger- 
Mueller tube at a distance of 3 feet above the 
ground. The results are shown in table 5. 


Discussion of data 


The average air contamination level for gross 
beta radioactivity, as shown by the continuous air 
monitoring filter data, for both the immediate and 
remote environs of the plants (figures 1 and 2) 
was 0.16 percent of the AEC radiation protection 
standard for uncontrolled areas. 

The average air contamination levels for gross 
alpha radioactivity, as shown by the continuous 
air monitoring filter data, for the immediate and 
remote environs of the plants were 0.10 percent 
and 0.05 percent, respectively, of the AEC radia- 
tion protection standard for natural uranium for 
uncontrolled areas. 

The average concentration of iodine-131 in air 
in the immediate environs of the plants was 0.01 
pCi/m*. This is approximately 0.01 percent of the 
AEC radiation standard for uncontrolled areas. 

The average concentrations of iodine-131 in raw 
milk in the immediate and remote environs of the 
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External gamma radiation levels,* Oak Ridge area, July-December 1969 





Location 


August 


Kerr Hollow Gate 
Y-12, East Portal_- 
Newcomb Road. - 
Gallaher Gate 
White Wing Gate_- 


0.012 | 
.O11 | 
011 


September 


Radiation levels 
(mR /h) 


Average 


October | November | December 


0.010 
l 


0.013 
.018 
O12 
.014 
O11 


0.012 
.013 
O12 
014 
-O11 


0.012 
NA 


® The background in the Oak Ridge area, determined in 1943, was approximately 0.012 mR/h. 


NA, no analysis. 


Oak Ridge area were both less than 10 pCi/liter. 
These levels fall within the limits of FRC Range I 
if the average intake per individual is assumed to 
be 1 liter of milk per day. 

The average concentration of strontium-90 in 
raw milk in both the immediate and remote en- 
virons of the controlled areas was 15 pCi/liter. 
The average falls within the limits of FRC Range 
I for transient rates of daily intake of strontium- 
90 for application to the average of suitable sam- 
ples of an exposed population. 

The percent maximum concentration of radio- 
activity in the Clinch River at Mile 20.8 (the 
point of entry of most of the wastes) and the 
measured average concentration at Mile 4.5 (near 
Kingston, Tenn.) were 0.39 percent and 0.25 per- 
cent, respectively, of the AEC radiation protection 
standards. The higher than normal concentration 
reported for radioactivity at Mile 23.1, Melton Hill 
Dam, was due primarily to cobalt-60. This con- 
tamination was found in the river upstream from 
the ORNL waste outfall and was the result of a 


source of contamination other than Oak Ridge 
operations. The average concentration of trans- 
uranic alpha particle emitters in the Clinch River 
at Mile 20.8 was 0.14 pCi/liter which is 0.14 per- 
cent of the AEC radiation protection standard for 
water containing a mixture of unknown radio- 
nuclides. 

The average concentration of natural uranium 
materials in the Clinch River reflecting the effects 
of all Oak Ridge plants was less than 0.1 percent 
of the AEC radiation standard for uranium. 

The average external gamma radiation meas- 
ured in the town of Oak Ridge and at the perim- 
eter of the Oak Ridge area was 0.012 mR/h, which 
is approximately the same as that level measured 
during the period prior to Oak Ridge operations. 


Recent coverage in Radiological Health Data and Reports: 


Period 


July-December 1968 
January-June 1969 


Issue 
January 1970 
May 1970 


2. Savannah River Plant® 
July-December 1970 


E. I. duPont de Nemours 
Aiken, S.C. 


The Savannah River Plant (SRP), built and 
operated for the Atomic Energy Commission by 
E. I. duPont de Nemours and Company, occupies 
an area of 312 square miles along the Savannah 
River, 22 miles downstream from Augusta, Ga. 
Production facilities include a fuel preparation 
area, three reactors, two fuel separation areas, and 
a heavy water production plant. A basic goal in 


3 Summarized from “Effects of the Savannah River Plant 
on Environmental Radioactivity,’ Semiannual Report, 
July-December 1970 (DPST-10-30-1). 


August 1971 


plant operation is total containment of radioactive 
waste. Although some very low level gaseous and 
liquid wastes are discharged to the environment 
in controlled releases, dispersal is adequate to 
ensure environmental concentrations below recom- 
mended guides. 

A continuous monitoring program has been 
maintained since 1951 (before plant startup) to 
determine the concentrations of radioactive ma- 
terials in a 1,200-square mile area outside the 
plant. Included in this area are parts of Aiken, 
Barnwell, and Allendale counties in South Caro- 
lina, and Richmond, Burke, and Screven counties 
in Georgia. This surveillance determines the 
magnitude and origin of any radioactivity above 
natural levels. Measured concentrations of radio- 
nuclides in air, water, and milk are compared 
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with the AEC radiation protection standards as 
given in the AEC Manual. 

Sensitive instruments, which can detect traces 
of radioactive materials far below concentrations 
of hazard significance, are used to determine radio- 
activity in the environs. Plant-released radioac- 
tivity and atmospheric fallout are included in the 
reported concentrations. Maximum and minimum 
values given are for individual samples collected 
during the report period. 


Atmospheric monitoring 


Concentrations of radioactive materials in the 
atmosphere were measured by biweekly analyses 
of air filters collected at five monitoring stations 
near the plant perimeter and 10 stations around a 
circle of about 25 miles radius from the center of 
the plant (figure 3). Deposition rates of radio- 
active material at each station were also deter- 
mined by monthly analyses of rainwater ion ex- 
change columns (fallout collectors). The monitor- 
ing stations are spaced so that a significant release 
of airborne radioactivity by SRP would be de- 
tected regardless of the prevailing wind. All sta- 
tions operate continuously. Four additional air 
monitoring stations at Savannah and Macon, Ga., 
and at Columbia and Greenville, S.C., are so 
distant from SRP that the effect of SRP opera- 
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Figure 3. Environmental sampling locations, 
Savannah River Plant 


tions is negligible; they serve as reference points 
for determining background radioactivity levels 
(figure 4). This system permits comprehensive 
surveillance of atmospheric radioactivity and also 
makes it possible to differentiate between fallout 
and SRP releases. 





Tennessee North Carolina 





@CREENVILLE 
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Figure 4, Distant air monitoring stations, 
Savannah River Plant 


The small amount of filterable beta radioactivity 
released to the atmosphere, primarily from the 
fuel separation areas, was obscured by fallout. 
The influence of nuclear tests, which resumed in 
September 1961, is shown in figure 5. The present 
low levels of atmospheric activity are attributed 
to the moratorium on above ground nuclear tests, 
which began in 1962. The observed spring in- 
creases are anticipated and result primarily from 
the mixing of the stratospheric debris into the 
troposphere. The average beta concentration in 
air decreased from 0.26 pCi/m* to 0.17 pCi/m? 
during the last half of 1970. Gamma-emitting 
radionuclides in fallout were cesium-134—-137, 
cerium-141-144, ruthenium-103-106, and zircon- 
ium-niobium-95. 

Trace amounts of short radioactive-half-life ma- 
terials were detected in routine air samples 
taken with a high volume air sampler. Nonplant 
origin of the radioactivity was indicated by the 
uniform levels found at all stations, both on and 
off the plant. The major component, beryllium-7, 
is a naturally occurring radionuclide formed by in- 
teraction of cosmic rays with oxygen and nitrogen 
in the upper atmosphere. Radioactivity in air, de- 
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Table 6. Radioactivity in air, Savannah River Plant, July-December 1970 


| | 
Alpha radioactivity 
(fCi/m?) 


Sampling points ae Pe a ee Oe 


Maximum | Minimum 


Average | Maximum 


Plant perimeter: 


E.. . 
Average - - - - 
25-mile radius: 


Aiken Airport - -- 
Aiken State Park- - - 


IANO oof, 


Williston ____- 
Hizhway 301 
Average - _ - - 


fet fe tet fd fh fa AD) te 


wm OW 


Distant air-monitoring: 
8.C 


Columbia.- ------- 
Greenville___-- 
ia. 
Macon 
Savannah 
Average 


Nonvolatile beta 
radioactivity> 


Specific radionuclides in composite samples 


(pCi/m*) (pCi/m*) 


Minimum | Average | ® Sr 141, 14Ce | 103, 6Ry | $Zr-Nb 


0.005 0.07 0.07 





® AEC radiation protection standard-70 fCi/m?. 
b AEC radiation protection standard-100 pCi/m‘. 
ND, nondetectable. 


termined from filter analyses, is shown in table 6. 
The July-December 1970 concentrations of filter- 
able beta radioactivity (0.17 pCi/m*) and alpha 
radioactivity (0.7 fCi/m*) in air were 0.17 and 1.0 
percent of the respective AEC standards. Tritium 
oxide concentrations in air, at the plant perimeter 
and at the 25-mile radius stations, did not exceed 
0.2 percent of the AEC standard. 


Deposition of fallout during July-December 
1970 averaged 17 nCi/m? at the plant perimeter 
locations and 15 nCi/m? at 25-mile radius loca- 
tions; comparable values for the last half of 1969 
were 13 and 12 nCi/m® (excluding naturally oc- 
curring beryllium-7). Deposition at each sampling 
location is presented in table 7. 


August 1971 





Water monitoring 


The plant site is drained by five streams that 
flow several miles through the reservation before 
reaching the river (figure 6). The primary sources 
of the very small amount of radioactivity that 
reaches the river are the reactor facilities. The re- 
actors are cooled and moderated by heavy water 
which, in turn, is cooled by river water in heat ex- 
changers. This arrangement prevents irradiation of 
the river water so that radioactivity is discharged 
into the river water only on the rare occasions 
when small quantities of moderator are lost by heat 
exchanger leaks. 

The irradiated fuel (canned to prevent leaching 
of radionuclides) discharged from a reactor is 
stored in a large, water-filled basin that is purged 
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Table 7. 


Total fallout deposited, Savannah River Plant, July-December 1970 





Sampling points 





E | 
EEE 7 


25-mile radius: 
Aiken Airport- - ------ 
Aiken State Park 
Allendale. - é 
Barnwell. __- 
Bush Field- 


Z — 
wR 


CHROVIOUWUGAISAI 
OT CEN ale ROL ran 


ae —— 
Waynesboro--_--- - -- 
TR. 6s neceee 
Highway 301 _- 
ee 


w Oe 


SOnnunflby wor 
_ 


| Strontium- | Strontium- | Cesium-137 | 
89 90 | 


Radioactivity concentration 


(nCi/m?) 


Cerium- Zirconium- Todine-131 | Ruthenium- 
10: i 


Beryllium-7> 
141, 144 | niobium-95 


3-106 


8 ° 1.6 


anh» 
Ge G0 & & G0 


eT) 
oo 


wm Ortho Orr co 
Onmnty 


Pho 


Wik OU ONT 


Coupe NwK OCU 
a w 
Sas) 


Ch ONIN DQ ISI 


WOOD we OmDmH AD 





mm OOS 








* Multiple by 1072. — ’ : 
> A naturally-occurring radionuclide. ; 
ND, less than the sensitivity of analysis. 


to maintain clarity and to control water tempera- 
ture. Newly discharged fuel is placed into an iso- 
lated section of the basin that is equipped with a 
water circulating system. Portable filters and 
deionizers are provided to remove a large per- 
centage of the radionuclides, and a heat exchanger 
is used to control basin water temperature. Trit- 
ium from the irradiation of the D,O moderator 
accounts for the largest quantity of radioactivity 
released by the reactors to the environment. 
However, the contribution to the Savannah River 
results in concentrations less than 1 percent of the 
AEC standard. 

In January 1965, the Beaufort-Jasper Water 
Authority began operation of a treatment facility 
to furnish sanitary water, partially supplied from 
the Savannah River, to most of Beaufort County, 
S.C. Water is supplied through a canal from the 
river at a location about 90 miles below the Savan- 
nah River Plant. The city of Savannah also sup- 
plements its domestic well water supply with river 
water during periods of peak demand. The 
tritium concentrations in raw water collected from 
the Beaufort-Jasper Water Plant averaged 2.1 
nCi/liter (0.07 percent of the AEC standard) dur- 
ing the July-December period. The annual radia- 
tion exposure of an individual in this population 
due to the consumption of 1.2 liters per day of 
water containing the very low concentration of 
tritium is 0.19 mrem, (this exposure may be com- 
pared with 20 mrem per year from natural potas- 
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sium found in the body of all persons or with the 
170 mrem per year specified by the Federal Radia- 
tion Council as the annual dose guide for members 
of the public). 

Communities near the plant get domestic water 
from deep wells or surface streams. Public water 
supplies from 14 surrounding towns were col- 
lected and analyzed in October. There was no evi- 
dence that SRP contributed radioactivity to 
drinking water supplies; concentrations of alpha 
radioactivity (1.1 pCi/liter) and beta radioactivity 
(5 pCi/liter) were essentially the same as those ob- 
served before plant startup. Specific analyses 


Table 8. Radioactivity in public water supplies, 


July-December 1970 





Alpha radioactivity* 


Nonvolatile 
(pCi/liter) ivi 


beta radioactivity> 
(pCi/liter) 


Sampling points 


Aiken pei 
ee 
Augusta-_---- 
Barnwell _ _ 
ae 
Blackville _ - - 
Clearwater - - - - 
Jackson _ 

Langley 

New Ellenton 

North Augusta_ 
Sardis ___ 
Waynesboro 
Williston - 


ee 


SninOina 





| AAZaHwrZ Amz 


_ 
lol) 
oa Ste we 


| 
| 
| 
| 
| 
| 








® AEC radiation protection standard—10 pCi/liter; sensitivity of 
analysis—0.2 pCi/liter. 

b AEC radiation protection standard—3 nCi/liter; sensitivity of anal- 
ysis—4.0 pCi/liter. 

ND, less than the sensitivity of analysis. 
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Figure 6. SRP production and effluent streams 


showed that the higher than average alpha ac- 
tivity found in some drinking water supplies (for 
example, 5.5 pCi/liter at Jackson) was due to 
naturally-occurring radioactivity, primarily thor- 
ium-228 and its short-lived daughter products. 
Radioactivity in public water supplies data is pre- 
sented in table 8. 

River water, analyzed weekly, was sampled 
continuously at four locations, as shown in figure 
6. Concentrations of alpha and nonvolatile beta 
radioactivity in river water for the past year are 
presented in table 9. Average concentrations of 
specific radionuclides found in river water during 
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July-December 1970 appear in table 10. 

Tritium, sulfur-35, and trace amounts of cesium- 
137, strontium-89, and strontium-90 were the 
radionuclides of SRP origin detectable in river 
water at the downstream location. Strontium-90 
and tritium from worldwide fallout were also de- 
tected in river water upstream from SRP effluents. 

Tritium, a beta-particle emitter and the most 
abundant radionuclide released to the river, is 
produced by neutron irradiation of heavy water 
moderator in the reactors. The concentration of 
tritium in river water averaged 0.20 percent of the 
AEC standard. 





Table 9. Radioactivity in Savannah River water, July-December 1970 





Alpha radioactivity* Nonvolatile beta radioactivity 
(pCi/liter) (pCi/liter) 





Sampling point January-— 


June 
1970 











oe | 
Maximum Minimum | Average 


Average 


1 mile upstream from | 
Upper Three Runs Creek | 
RES Sa 0.4 N y ND ND ND 
Downstream from Steel 
Creek F N N ND ND 
Downstream from Lower | | 
Three Runs Creek é N ND | ND 
8 miles downstream from 
Lower Three Runs } | | 
Creek (Highway 301) ---- i N N N 5 ND 














« AEC radiation protection standard—10 pCi/liter; sensitivity of analysis—0.2 pCi/liter. 
b AEC radiation protection standard—3 nCi/liter; sensitivity of analysis—4.0 pCi/liter. 
ND, less than the sensitivity of analysis. 


Table 10. Average concentration of radionuclides in Savannah River water 
July-December 1970 





Concentration 
(pCi/liter) 





Radionuclides 
| Control (1 mile Highway 301 Percent AEC 
| upstream from (8 miles down- standard at 
Upper Three Runs | stream from Lower Highway 301 
} Creek) Three Runs Creek) 


Sensitivity 





or 


ZLZ--ZLZZZSS 


Sulfur-35_ 
Chromium-51 
Manyanese-54 


Tritium __- | 5,8 
Cobalt-60 


soo 
ou e 


ANNwUOwWH RRWO 


ee 
wee 


© 


Cerium-141-144 
Neptunium-239 











tNmo 


AAA, AAA, , AANK, § 


ZZZ 
erere 
Se 





ND, nondetectable, less than sensitivity of analysis. 


Fish in Savannah River Radioactivity in Savannah River fish 
July-December 1970 





Fish, predominantly bream, were collected | 
weekly upstream, adjacent to, and downstream 


° ‘ Type of 
from Savannah River Plant effluents. Specific Location samples | Strontium-$9-00 | Cesium-137 
radionuclide analyses of fish are summarized in anaes ; 

° a ‘ Maxi- | Average| Maxi- | Average 
table 11. The radioactivity in bone and flesh from 


mum mum 


fish collected adjacent to and downstream from aa. t..t .% ch a! 
. . . . . ove an | 
SRP indicates some minor contribution by SRP. boundary (control)....|_ Bone 
° “ae Flesh 
Although measurably higher than similar collec- Adjacent to plant Bone 
. e esh 
tions at the control station upstream from SRP Below plant at 
: ° ° ° ° Highway 301 Bone f 
effluents, the increase is of minor significance when Flesh 
referenced against intake guides defined by the 4 


AEC radiation protection standard. ® Monthly composites of weekly collections for strontium-89, -90 and 


cesium-137. 


Concentration 
(pCi/g wet weight) 
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Vegetation 


Radioactive contamination of growing plants 
may result from sorption of radioactive materials 
from the soil or from foliar deposition. 

Grass samples were collected at seven locations 
along the plant perimeter and at seven other loca- 
tions along a 25-mile radius route (these are not 
designated on figure 7). Bermuda grass was 
selected for analysis because of its importance as a 
pasture grass for dairy herds and its availability 
during all seasons of the year. Samples from each 
quadrant of the plant site and of the surrounding 
area were composited for monthly analysis. 
Gamma-emitting radionuclides in grass samples 
(excluding beryllium-7) were from fallout. Alpha- 
particle emitters averaged 0.1 pCi/g at the plant 
perimeter and at the 25-mile radius locations, the 
same as observed during the last half of 1969; 
gamma-ray emitters averaged 11.1 and 9.9 pCi/g, 


Table 12. 


Radioactivity in vegetation, SRP 
July-December 1970 


Concentration 
Sensi- (pCi/g dry weight) 
tivity of 
analysis 
(pCi/g | Plant perimeter 
dry (7 locations) 
weight) |__ 


Radionuclides P : 
25-mile radius 
(7 locations) 


Maxi- | Average} Maxi- 
mum mum 


Average 





Alpha emitters -_ - - - 
Cesium-137 - 
Cerium-141, 144_ i 
Ruthenium-103 , 106__- 
Beryllium-7 _- 

lodine-131_ _- 
Barium-lanthanum-140_-_ 
Zirconium-niobium-95 _- 


Sas 
ou 


—ZeZw o 
° <a ° 
NUNS 


<i fo . 
Wey Dww 











| 


ND, less than sensitivity of analysis. 


Table 13. 


respectively, as compared to 12.0 and 15.3 pCi/g 
for the first half of 1969. Radioactivity in grass 
samples is presented in table 12. 


Milk 


Milk was sampled at three dairies within a 25- 
mile radius of the Savannah River Plant (figure 7). 
Samples, collected biweekly, were analyzed for 
tritium and radioiodine. Strontium-90 and cesium- 
137 determinations were made quarterly. Milk 
produced in the area and sold by major distributors 
was also analyzed for these radionuclides. Results 
from analyzing milk for radioactivity during July— 
December 1970 are shown in table 13. 

Average concentrations of the radionuclides in 
milk were 12 pCi/liter of strontium-90 and 40 
pCi/liter of cesium-137 compared to 11 pCi/liter 
of strontium-90 and 20 pCi/liter of cesium-137 dur- 
ing the first half of 1970. Iodine-131 was less than 
the sensitivity of the analysis (5 pCi/liter) 
throughout this period. These values are consistent 
with those reported by the U.S. Public Health 
Service for most sections of the United States. 
Tritium in local milk, when present, is assumed to 
be associated with plant operations. The average 
tritium level (1,012 pCi/liter) was 0.03 percent of 
the AEC standard for water. 


Environmental gamma radiation levels 


Monthly measurements of environmental 
gamma radiation were made with thermolumines- 
cent dosimeters. The July-December 1970 data 
(table 14) are characteristic of measurements ob- 
served at individual stations for the past several 
years. 


Radioactivity in milk from local dairies, Savannah River Plant 


July-December 1970 


Tritium* 
Distributing points 


Maximum | Minimum 


Aiken 

North Augusta 
Waynesboro- - ---_-_---- 
Major distributors? _ _ 





(nCi/liter) 


Average September | December | September | December 


Cesium-137¢ 
(pCi/liter) 


Strontium-90> 
(pCi/liter) 


a Sensitivity of analysis—0.2 nCi/liter, AEC standard—3,000 nCi/liter. 
> Sensitivity of analysis—1.0 pCi/liter, AEC standard—300 pCi/liter. 

¢ Sensitivity of analysis—20 pCi/liter, AEC standard—20 nCi/liter. 

4 Milk produced in local dairies but sold by major distributors. 


ND, nondetectable, less than sensitivity of analysis. 
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Table 14. 


Environmental gamma radiation, Savannah 
River Plant, July-December 1970 





Sampling points 


Plant perimeter: | 


: | 


cn cienLeconwens 


Aiken Airport. ..------- s 
Aiken State Park 

Allendale 

Ne, aaa 
Bush Field 


| 
| 
25-mile-radius: | 


Williston____ et 
Highway 301-.....---.-- 
eee 


| 
Maximum 


Gamma radiation 
(mR /24 h) 


Minimum 


0.1: 


bat boo Get Gah bd bs fe ps ee 
me ON WOR OO 





Summary 


The quantity of radioactive waste released by 
the Savannah River Plant to its environs was, for 
the most part, too small to be distinguished from 
natural background radiation or was obscured by 
fallout from offsite sources. Beta radioactivity in 
air, which had no relationship to plant operations, 

yas about the same as that observed for the same 
period of 1969 and was 66 percent of the previous 
6-month level. Radioactive materials in fish flesh 
continued to be far below levels considered sig- 


nificant from a health standpoint. The average 
concentration of any radionuclide in river water at 
Highway 301 did not exceed 0.3 percent of the 
AEC radiation protection standard. 
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Reported Nuclear Detonations, June 1971 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U.S. Atomic Energy Commission an- 
nounced that on July 1, 1971, the United States 
conducted an underground nuclear test at its 
Nevada Test Site which had a yield of less than 
20 kilotons. 

The Atomic Energy Commission also announced 
that an underground nuclear test with a yield of 
about 80 kilotons was conducted at its Nevada 





Test Site on July 8, 1971. 

Seismic signals were recorded by the United 
States on July 10, 1971, presumably from a Soviet 
underground nuclear explosion. The signals origi- 
nated on the western slopes of the Ural Moun- 
tains and were equivalent to those of an under- 
ground nuclear explosion in the yield range of 20 
to 200 kilotons. 


Not all of the nuclear detonations in the United States are announced im- 
mediately, therefore, the information in this section may not be complete. A 
complete list of announced U.S. nuclear detonations may be obtained upon 
request from the Division of Public Information, U.S. Atomic Energy Com- 


mission, Washington, D. C. 20545. 
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SYNOPSES 


_ Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


THE DETERMINATION OF ACCURACY AND PRECISION LIMITS 
FOR TRITIUM IN WATER. Forrest E. Knowles, Jr. and Edmond J. Baratta. 
Radiological Health Data and Reports, Vol. 8, August 1971, pp. 405-410 


This paper describes the procedure for establishing a standard deviation (c) 
value for analysis of tritium in water and discusses the results of a technical 
experiment to test the validity of this value. Since many State, Federal and 
local laboratories are analyzing this radionuclide on a routine basis a procedure 
of quality control to assist in producing comparable and accurate data is 
necessary. As more nuclear power reactors and nuclear fuel reprocessing plants 
become operative, tritium will be introduced into the environment in greater 
quantities. Therefore, other agencies are preparing for tritium analysis capa- 
bility and will be depending upon this quality control program to assess equip- 
ment and sample preparation capabilities. 

A standard deviation of 10 percent for single determinations for values equal 
or to greater than 5 nanocuries per liter was established by assessing data from 
a tritium cross-check program conducted by the Analytical Quality Control 
Service of the Office of Radiation Programs, Environmental Protection Agency 
(EPA). The technical experiment results confirmed this value. 


KEYWORDS: Accuracy, precision, tritium, water. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 
Send original and one legible copy of the paper, typed 


double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ological Health Data and Reports, EPA, Office of Radia- 
tion Programs, Parklawn 18 B-40, Washington, D.C. 
20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 


“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 

Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should. be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, ete. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A_ brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
w:th isotopes of the elements having a hyphen between 
element name and mass number; e.g., strontium—90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 

Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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